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FIG. 8: Total Calibration Error and Uncertainty Budget at the time of GW170104.
The uncertainty in the calibrated response function for the H1 detector is on the left, and for L1 is on the right. The y axis is

relative response error �R/R(model) and uncertainty �R/R(model), with magnitude on top and phase on the bottom. The solid line is
the median relative response, interpreted as the frequency dependent systematic error on the model response R(model). The dashed
lines represent the 1� uncertainty on this error. Stacking ten thousand drawn response function samples produces the numerical

uncertainty budget shown here. The extreme 1� uncertainties are presented in Table III.
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FIG. 9: Total Calibration Uncertainty Percentiles for Observing Run Two.
The percentiles are created for all of O2 data from November 30, 2016 to August 25th, 2017. H1’s uncertainty is on the left, and

L1’s is on the right. The y axis is relative response �R/R(model) magnitude (top) or phase (bottom), stacked for all times in the
observing run. The dashed white line is the median relative response, while the colors represent the 1� calibration uncertainty for
68%, 95%, and 99% of the run’s time. The largest changes in the calibration at H1 were due to clipping of the photon calibrator

laser misreporting the strength of our response. The largest calibration changes at L1 were due to fluctuations in the coupled
cavity pole, which changes in time but is not yet corrected for in our calibrated data.

V. FUTURE WORK

There is much to be done to build upon this work. First, we
will make use of calibration lines to track the detuning spring
frequency fs and Q values in real time. This will ensure the
sensing plant is not severely detuned, or changing rapidly dur-
ing detector operation. Second, we will employ time domain
filters capable of correction for frequency-dependent changes
in the plant. This will allow us to correct for changes in the

coupled cavity pole fCC , the anti-spring frequency fs and qual-
ity factor Q, once these are successfully tracked. Third, the
frequency-dependent systematic errors found from the Gaus-
sian process regressions will be applied directly to the cali-
brated GW strain data h(t) as it is produced, again through
time-domain filters. The above work would completely elimi-
nate all known systematic errors from our calibrated data.

As we reduce the calibration uncertainty, properly charac-
terizing systematic errors becomes much more important for


